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CONTROL APPARATUS CAPABLE OF LOW-SPEED DRIVING OF VIBRATION TYPE 
DRIVING APPARATUS, ACTUATING APPARATUS USING THE CONTROL APPARATUS, 
CONTROL METHOD CAPABLE OF LOW-SPEED DRIVING OF VIBRATION TYPE 

DRIVING APPARATUS, AND STORAGE MEDIUM STORING PROGRAM INCLUDING 
PROGRAM CODES CAPABLE OF REALIZING THE CONTROL METHOD 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to control of a so-called 
vibration type driving apparatus which uses an electro-mechanical 
energy conversion element to form traveling vibrations on an 
elastic body to relatively move the elastic body (a vibrating 
body) and a contact body. 

2. DESCRIPTION OF RELATED T^T 

[0002] A vibration type driving apparatus which uses an electro- 
mechanical energy conversion element to form traveling vibrations 
on an elastic body to drive a moving body (a contact body) is used 
as an actuator from which a large driving force at a low speed can 
be provided. 

[0003] Particularly, Japanese Patent Application Laid-Open No. 
2001-157473 has proposed a vibration type driving apparatus using 
traveling waves which excites a traveling vibration wave on an 
elastic body and continuously drives a moving body in press 
contact with the elastic body to allow more smooth driving. 
[0004] In the vibration type driving apparatus described in 
Japanese Patent Application Laid-Open No. 2001-157473, a vibrating 
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body is formed of an annular elastic body in which a group of 
protrusions in a comb shape is formed on one side of the elastic 
body in an axis direction. A friction material is bonded to the 
top surface of the group of protrusions. An annular piezoelectric 
element is bonded as an electro-mechanical energy conversion 
element on the other side of the elastic body in the axis 
direction^ and a pattern electrode is formed on the piezoelectric 
element . 

[0005] The pattern electrode is equally divided into electrode 
elements, the number of which is four times larger than the order 
of vibration modes excited in the annular portion of the vibrating 
body. The respective electrode elements are supplied with 
alternating voltages in a generally sine wave shape having time 
phases sequentially shifted 90 degrees. When an alternating 
voltage is supplied at a frequency near the natural frequency of 
an excited vibration mode, the piezoelectric element expands and 
contracts to provide bending moment for the elastic body to cause 
resonance of the elastic body. Vibrations (modes) excited by the 
alternating voltages having time phases shifted 90 degrees have 
the same shape and different phases. The vibrations are combined 
into a traveling vibration wave (a traveling wave) . 

[0006] Fig. 44 shows a driving circuit for driving a vibration 
type driving apparatus. The driving circuit is described in 
Japanese Patent Application Laid-Open No. 2002-176788, in which a 
switching circuit formed of MOSFETs 22 to 29 is controlled to turn 
on/off with a pulse generated by a pulse generating circuit, not 
shown, to produce an alternating voltage across transformers 30 
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and 31 with a center tap, thereby sequentially supplying 
alternating voltages with phases shifted 90 degrees to terminals 
32 to 35 connected to secondary sides of the transformers 
corresponding toA{+)^ B(+), A(-), and B(-). 

[0007] On the other hand, some of so-called standing wave 

driving type motors in which different vibrations (modes) are 
superimposed combine longitudinal vibrations with torsional 
vibrations as proposed in USP No. 5,777,424. In this example, the 
longitudinal vibrations and torsional vibrations are excited to 
have a phase difference of 90 degrees to use the longitudinal 
vibrations as vibrations for causing a vibrating body to separate 
from or come into contact with a moving body and the torsional 
vibrations as vibrations for carrying the moving body. 
[0008] In such a vibration type driving apparatus driven by the 
superimposed different vibration modes, it is necessary to 
generally match the resonance frequencies in modes of different 
vibration directions in order to drive the modes of different 
vibration directions at the same frequency. However, the matching 
of the resonance frequencies is difficult because of anisotropy of 
the materials of the vibrating body and the like even when the 
vibrating body is formed in a uniform shape, and thus a frequency 
adjusting step is required. 

[0009] In contrast, in the aforementioned so-called traveling 
wave vibration type driving apparatus driven by the superimposed 
vibrations (modes) of the same shape, the vibration modes have the 
same deformation distribution, so that the resonance frequency is 
unlikely to vary depending on the vibrating direction. Thus, 
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almost no adjustment is necessary for matching the resonance 
frequencies in two modes. 

[0010] The traveling wave vibration type driving apparatus, 
however, have the following problems since the vibrations (modes) 
of the same shape are superimposed. 

[0011] Figs. 45A and 45B schematically show a contact and 

driving state in a vibrating body (an elastic body) and a moving 
body. 

[0012] Figs. 45A and 45B show vibration displacement of a 

vibrating body 101 and response displacement of a moving body 106, 
and protrusions on the vibrating body and a friction material are 
omitted. Shown by solid line arrows in Figs. 45A and 45B is 
driving vibration of the vibrating body 101 to drive the moving 
body 106 in a direction shown by outline arrows. Fig. 45A shows 
driving at a high speed with a large vibration amplitude, while 
Fig. 45B shows vibration in driving at a low speed with a smaller 
vibration amplitude than that in Fig. 45A. The smaller vibration 
amplitude as shown in Fig. 45B reduces the feed speed at each 
position to provide a lower speed (the speed is represented by the 
lengths of the outline arrows) . 

[0013] The moving body 106 is provided with bending rigidity and 
responsiveness such that a portion thereof is in contact with a 
portion of the vibrating body 101 where the feed speed is high, 
that is, where large displacement is produced. However, as the 
speed is reduced, the area of the vibrating body 101 in contact 
with the moving body 106 becomes larger, and finally, the 
vibrating body 101 is driven at a low speed with substantially the 
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entire surface thereof in contact with the moving body 106 as 
shown in Fig. 45B. 

[0014] When they are brought into contact in this manner, the 
efficiency is reduced since sliding friction acts on substantially 
the entire contact surface due to a partial difference in speed 
between the vibrating body and the moving body. In addition, wear 
powder produced on the contact surface is unlikely to be 
discharged to the outside and serves as grains to increase the 
wear amount of the moving body and the vibrating body. 
[0015] Techniques for reducing the speed while the vibration 
amplitude is maintained to a certain degree include, for example 
as proposed in Japanese Patent Application Laid-Open No. 8 (1996)- 
80073, a method of switching to a standing wave at the time of 
stop, a method of changing to a standing wave by reducing a phase 
difference between an A phase and a B phase from 90 degrees, and a 
method of using a smaller vibration amplitude in one of the A 
phase and the B phase, although as a means . mainly for enhancing 
vibration responsiveness. 

[0016] Such methods, however, have adverse effects on the 

contact surface between the vibrating body and the moving body. 
[0017] For example, in the annular vibration type driving 

apparatus, a plurality of vibration modes which cause bending 
deformation of the vibrating body are superimposed with their 
positional phases shifted 90 degrees. 

[0018] Fig. 46 is a developed view, schematically showing 

vibrations of the vibrating body, and specifically, shows the 
vibrations when A{+), B(+), A(-), and B(-) of a piezoelectric 
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element 102 are supplied with driving voltages having time phases 
shifted 90 degrees. Ellipses ^^a" to '"g" shown in portions of the 
vibrating body 101 represent elliptical motions produced at 
positions of the vibrating body 101. Arrows shown in each ellipse 
show vibration components of the A and B phases constituting the 
elliptical motions (solid line arrows show the A phase and dotted 
line arrows show the B phase) . 

[0019] The vibration components of the A and B phases 

constituting the elliptical motions have varying directions 
depending on the positions- If the vibration amplitude of the A 
phase is reduced to produce a standing wave component, the 
longitudinal amplitude is reduced at some positions and the 
transverse amplitude is reduced at other positions to produce an 
uneven friction state. The unevenness leads to variations in wear 
speed of the friction surface to reduce flatness of the friction 
surface, causing degraded performance. 

[0020] In addition, the maximum traveling wave vibration, that 
is, a large driving force, is always present at the same position. 
Thus, variations in surface pressure of the moving body and the 
vibrating body occur, or vibrations in rotation occur in 
synchronization with rotation of the moving body due to an uneven 
plane of the portion of the moving body in contact with the 
vibrating body, so that rotation accuracy may be reduced. 

SUMMARY OF THE INVENTION 

[0021] It is an object of the present invention to provide a 
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control apparatus and a control method of a vibration type driving 
apparatus which can maintain output performance even when low- 
speed driving is continued for a long time. 

[0022] According to an aspect, the present invention provides a 
control apparatus for a vibration type driving apparatus which 
comprises a vibrating body including an elastic body and an 
electro-mechanical energy conversion element, and a contact body 
in contact with the vibrating body, in which a plurality of 
driving signals are applied to the electro-mechanical energy 
conversion element to excite a traveling vibration on the 
vibrating body to relatively move the vibrating body and the 
contact body. The control apparatus controls the driving signals 
such that the largest displacement of the traveling vibration 
fluctuates and a position where the largest displacement reaches 
the peak is changed in a direction of the relative movement of the 
vibrating body and the contact body. 

[0023] According to another aspect, the present invention 

provides a control apparatus for a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a traveling vibration on the 
vibrating body to relatively move the vibrating body and the 
contact body. The control apparatus periodically controls the 
plurality of driving signals with different time phases such that 
the largest displacement of the traveling vibration fluctuates and 
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a position where the largest displacement reaches the peak is 
changed in a direction of the relative movement of the vibrating 
body and the contact body. 

[0024] According to still another aspect, the present invention 
provides a control apparatus for a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a plurality of vibrations with 
the same shape and different positional phases on the vibrating 
body and the plurality of vibrations are combined into a traveling 
vibration to relatively move the vibrating body and the contact 
body. The control apparatus controls the driving signals such 
that the traveling vibration includes a traveling wave component 
whose amplitude is constant and a standing wave component whose 
positional phase changes. 

[0025] According to yet another aspect, the present invention 
provides a control apparatus for a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a traveling vibration on the 
vibrating body to relatively move the vibrating body and the 
contact body. The control apparatus simultaneously excites a 
plurality of traveling vibrations with different frequencies. 
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[0026] According to another aspect, the present invention 

provides a control apparatus for a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a traveling vibration on the 
vibrating body to relatively move the vibrating body and the 
contact body. The control apparatus generates a first driving 
signal exciting a first traveling vibration and a second driving 
signal exciting a second traveling vibration whose frequency 
differs from that of the first traveling vibration, each of the 
first and second driving signal forming a group of intermittent 
driving signals, and which alternately applies the first driving 
signal and the second driving signal to the electro-mechanical 
energy conversion element, furthermore, while an attenuated 
vibration of one of the first and second traveling vibration 
occurs, superposes the other traveling vibration thereon. 
[0027] According to another aspect, the present invention 

provides a method of controlling a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a plurality of vibrations with 
the same shape and different positional phases on the vibrating 
body and the plurality of vibrations are combined into a traveling 
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vibration to relatively move the vibrating body and the contact 
body. The control method controls the driving signals such that 
the largest displacement of the traveling vibration fluctuates and 
a position where the largest displacement reaches the peak is 
changed in a direction of the relative movement of the vibrating 
body and the contact body. 

[0028] According to still another aspect, the present invention 
provides a method of controlling a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a plurality of vibrations with 
the same shape and different positional phases on the vibrating 
body and the plurality of vibrations are combined into a traveling 
vibration to relatively move the vibrating body and the contact 
body. The control method controls the driving signals such that 
the traveling vibration includes a traveling wave component whose 
amplitude is constant and a standing wave component whose 
positional phase changes . 

[0029] According to yet aspect, the present invention provides a 
method of controlling a vibration type driving apparatus which 
comprises a vibrating body including an elastic body and an 
electro-mechanical energy conversion element, and a contact body 
in contact with the vibrating body, in which a plurality of 
driving signals are applied to the electro-mechanical energy 
conversion element to excite a traveling vibration on the 
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vibrating body to relatively move the vibrating body . and the 
contact body. The control method simultaneously excites a 
plurality of traveling vibrations with different frequencies. 
[0030] According to another aspect, the present invention 

provides a method of controlling a vibration type driving 
apparatus which comprises a vibrating body including an elastic 
body and an electro-mechanical energy conversion element, and a 
contact body in contact with the vibrating body, in which a 
plurality of driving signals are applied to the electro-mechanical 
energy conversion element to excite a traveling vibration on the 
vibrating body to relatively move the vibrating body and the 
contact body. The control method generates a first driving signal 
exciting a first traveling vibration and a second driving signal 
exciting a second traveling vibration whose frequency differs from 
that of the first traveling vibration, each of the first and 
second driving signal forming a group of intermittent driving 
signals, alternately applies the first driving signal and the 
second driving signal to the electro-mechanical energy conversion 
element, furthermore, while an attenuated vibration of one of the 
first and second traveling vibration occurs, superposes the other 
traveling vibration thereon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Fig. 1 shows vibration trajectories of a vibrating body 
in a vibration type driving apparatus controlled by a control 
apparatus which is Embodiment 1 of the present invention; 
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[0032] Fig. 2 shows driving signal waveforms in Embodiment 1; 
[0033] Fig. 3 sliows the expressions of the driving signal 

waveforms in Embodiment 1; 

[0034] Figs. 4A to 4D are schematic diagrams showing vibrations 
of the vibrating body in Embodiment 1; 

[0035] Fig. 5 shows vibration trajectories of a vibrating body 
in a vibration type driving apparatus controlled by a control 
apparatus which is Embodiment 2 of the present invention; 
[0036] Fig. 6 shows the expressions of driving signal waveforms 
in Embodiment 2; 

[0037] Fig. 7 includes charts showing driving amplitudes in 
Embodiment 2; 

[0038] Fig. 8 shows vibration trajectories of a vibrating body 
in a vibration type driving apparatus controlled by a control 
apparatus which is Embodiment 3 of the present invention; 
[0039] Fig. 9 includes charts showing driving amplitudes in 

Embodiment 3 ; 

[0040] Fig. 10 includes charts showing driving amplitudes in 
Embodiment 3; 

[0041] Fig. 11 is a blocJc diagram showing the structure of a 
control apparatus which is Embodiment 4 of the present invention; 
[0042] Fig. 12 is a section view showing the structure of the 
vibration type driving apparatus using traveling waves in each 
embodiment ; 

[0043] Fig. 13 is a perspective view of the vibrating body used 

in the aforementioned vibration type driving apparatus; 

[0044] Fig. 14 shows changes in envelopes of vibration 
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displacement of a traveling wave- excited by the control apparatus 
in Embodiment 1; 

[0045] Fig. 15 shows changes in vibration displacement of a 
traveling wave excited by a conventional control method; 
[0046] Fig. 16 shows changes in vibration displacement of a 
traveling wave excited by a conventional control method; 
[0047] Fig. 17 is a block diagram showing the structure of a 
control apparatus which is Embodiment 5 of the present invention; 
[0048] Fig. 18 shows driving signal waveforms in Elmbodiment 5; 
[004 9] Fig. 19 shows an electrode pattern in a piezoelectric 
element and connections to electrodes in Embodiment 5; 
[0050] Fig. 20 shows a frequency-speed characteristic of the 
vibration type driving apparatus; 

[0051] Fig. 21 is a block diagram showing the structure of a 
control apparatus which is Embodiment 6 of the present invention; 
[0052] Fig. 22 shows driving signal waveforms in Embodiment 6; 
[0053] Fig. 23 shows an electrode pattern in a piezoelectric 
element and connections to electrodes in Embodiment 6; 
[0054] Fig. 24 is a block diagram showing the structure of a 
control apparatus which is Embodiment 7 of the present invention; 
[0055] Fig. 25 shows driving signal waveforms and output signal 
waveforms on secondary sides of transformers in Embodiment 7; 
[0056] Fig. 26 is a block diagram showing the structure of a 
variation of the control apparatus shown in Fig. 24; 
[0057] Fig. 27 is a block diagram showing the structure of 
another variation of the control apparatus shown in Fig. 24; 
[0058] Fig. 28 is a control flow chart which is Embodiment 8 of 
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the present invention; 

[0059] Fig. 29A shows the characteristic of a speed instruction 
and a voltage amplitude of one of driving voltage generating 
circuits in Embodiment 9, and Fig. 29B shows the characteristic of 
a frequency instruction and the voltage amplitude of the one of 
the driving voltage generating circuits in Embodiment 9; 
[0060] Fig. 30 shows the characteristic of a frequency 

instruction and a phase instruction of one of the driving voltage 
generating circuits in Embodiment 9; 

[0061] Fig. 31 is a control flow chart which is Embodiment 9 of 
the present invention; 

[0062] Fig. 32 is a block diagram showing the structure of a 
control apparatus which is Embodiment 10 of the present invention; 
[0063] Fig. 33 shows driving signal waveforms in Embodiment 10; 
[0064] Fig, 34A shows driving signal waveforms only in a state 1 
in Embodiment 10, and Fig. 34B shows response amplitudes only in 
the state 1 in Embodiment 10; 

[0065] Fig. 35A shows driving signal waveforms only in a state 2 
in Embodiment 10, and Fig. 34B shows response amplitudes only in 
the state 2 in Embodiment 10; 

[0066] Fig. 36 shows a response amplitude of forced vibration 

and attenuated vibration in the state 1 in Embodiment 10; 

[0067] Fig. 37 shows a response amplitude of forced vibration 

and attenuated vibration in the state 2 in Embodiment 10; 

[0068] Fig. 38 shows the response amplitude in Embodiment 10; 

[0069] Fig. 39 shows vibration trajectories of a vibrating body 

in a vibration type driving apparatus controlled by the control 
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apparatus which is Embodiment 10 of the present invention; 

[0070] Fig. 40 shows a response amplitude of forced vibration 

and attenuated vibration in the state 1 in Embodiment 11; 

[0071] Fig. 41 shows a response amplitude of forced vibration 

and attenuated vibration in the state 1 in Embodiment 12; 

[0072] Fig, 42 shows driving signal waveforms in Embodiment 13; 

[0073] Fig. 43A shows output waveforms of a monitor circuit in 

Embodiment 14, and Fig. 43B shows driving signal waveforms in 

Embodiment 14; 

[0074] Fig. 44 shows the structure of a driving circuit of a 
conventional vibration type driving apparatus; 

[0075] Figs. 45A and 45B show a contact state and a driving 
state in a vibrating body and a moving body in the conventional 
vibration type driving apparatus using traveling waves; and 

[007 6] Fig. 4 6 is a schematic diagram showing vibrations of the 
vibrating body in the conventional vibration type driving 
apparatus . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0077] Preferred embodiments of the present invention will be 
described in detail in accordance with the accompanying drawings. 
[0078] (Embodiment 1) 

Fig. 12 shows the structure of a vibration type driving 
apparatus using traveling waves, which is Embodiment 1 of the 
present invention. The vibration type driving apparatus includes 
a vibrating body 1 fixed to a housing 10 by screws or the like, a 



15 



CFV00160_AAFA 

moving body 6 in friction contact with the vibrating body 1 via a 
friction material 5, an output shaft 11 rotatably supported on the 
housing 10 by a ball bearing 15 , and a pressure spring 8 which 
produces a spring force for pressing and bringing the moving body 
6 into contact with the vibrating body 1 and transmits rotation of 
the moving body 6 to the output shaft 11. Connected to the output 
shaft 11 via a gear or the like, not shown, is a driving mechanism 
20 of an actuated apparatus 21 such as various types of 
apparatuses and devices which use the vibration type driving 
apparatus as a driving source. The driving mechanism 20 is 
actuated in response to output from the output shaft 11. 
[0079] Fig. 13 is a perspective view of the vibrating body 1 
used in the vibration type driving apparatus described above, 
viewed from the back. The vibrating body 1 is formed of an 
elastic body lA made in a ring shape by cutting of a metal 
material or molding such as powder sintering, and a piezoelectric 
element 2 in a ring shape serving as an electro-mechanical energy 
conversion element bonded to the back of the elastic body lA. The 
electro-mechanical energy conversion element can be realized by an 
electrostriction element, a magnetostriction element, or the like, 
other than the piezoelectric element. 

[0080] A plurality of radial grooves are formed to extend in an 
axis direction on one side of the elastic body lA in the axis 
direction (on the front surface) to provide a plurality of 
protrusions 4 in a comb shape. The friction material 5 is bonded 
to the top surface of the protrusions 4. As the friction material, 
a composite resin material mainly made of PTFE, a metal material 
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subjected to surface treatment in accordance with intended uses, 
or alumina ceramic is used. 

[0081] The piezoelectric element 2 is bonded to the surface of 
the elastic body lA on the other side in the axis direction (on 
the side on which the comb-shaped protrusions are not formed) . A 
pattern electrode 2-1 is formed on the piezoelectric element 2 
with vapor deposition or printing. 

[0082] The pattern electrode 2-1 is equally divided into 

electrode elements, the number of which is four times larger than 
the order of vibrations (hereinafter also referred to as vibration 
modes) excited in the elastic body lA of the vibrating body 1. 
The respective electrode elements are supplied with alternating 
voltages in a generally sine wave shape having time phases 
sequentially shifted 90 degrees. When an alternating voltage is 
supplied at a frequency near the natural frequency of an excited 
vibration mode, the piezoelectric element 2 expands and contracts 
to provide bending moment for the elastic body lA to cause 
resonance vibration of the elastic body lA. Vibrations excited by 
the alternating voltages having time phases shifted 90 degrees are 
combined into a traveling wave (a traveling vibration wave) . 

[0083] Next, a driving method (a control method) of the 

aforementioned vibration type driving apparatus is described. Fig. 
1 shows vibration trajectories of the vibrating body in an A phase 
and a B phase. Fig. 2 shows the patterns of driving signals 

(input signals) supplied to the piezoelectric element 2 via the 
pattern electrode 2-1. Fig. 3 shows description of the driving 
signal waveforms. 
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[0084] The vibration trajectories shown in Fig. 1 represent 
vibration displacement in the A phase and the B phase on the 
horizontal axis and vertical axis, respectively. Vibrations as 
shown in Fig. 1 are excited on the vibrating body 1 by the driving 
signals shown in Fig. 2. 

[0085] For four-phase driving in which the driving signals are 
supplied to A(+), B(+), A(-), and B(-) of the piezoelectric 
element 2, A( + ), A(-) and B( + ), B(-) are in opposite phase, so 
that they are collectively shown as the A phase and the B phase 
(the same applies to the other embodiments) . 

[0086] The driving signals shown in Fig. 2 (A phase driving 
voltage and B phase driving voltage) are provided by using a 
driving signal with a driving angular velocity (O shown in Fig. 3 
as a fundamental (driving voltage V having a constant amplitude) , 
and simultaneously performing amplitude modulation (with a 
standing wave amplitude a) and phase modulation (with a turning 
angle a) thereon. As a result, a standing wave component is 
produced in a traveling wave as shown in Fig. 1, and in addition, 
the standing wave component is rotated in the traveling wave on an 
A-B plane. 

[0087] Next, the effects of the driving method are described. In 
a typical driving method of the vibration type driving apparatus, 
A phase vibrations and B phase vibrations arranged to have a 
positional phase difference of 7i/2 follow a circle trajectory on 
the A-B plane as shown by a dotted line in Fig. 1 by exciting the 
vibrations with the equal amplitudes and the time phase difference 
of 7i/2. The vibrations of the A and B phases include different 
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vibration directions in the respective portions of the vibrating 
body as shown in Fig. 46. 

[0088] Figs, 4A to 4D are schematic diagrams showing the 

vibrations of Embodiment 1 shown in Fig. 1 in which vibrations in 
each portion of the vibrating body 1 are represented in separate 
components of the A phase and the B phase. The vibrations are 
changed over time from Fig. 4A to 4B, 4C^ and then 4D. Solid line 
arrows represent vibration components of the A phase ^ while dotted 
line arrows represent vibration components of the B phase . 

[0089] In the state of Fig. 4A, the amplitude of the A phase is 
greater than the amplitude of the B phase, so that the amplitude 
is at the maximum at the anti-node of the A phase. Elliptical 
motions are gradually rotated, and in the state of Fig. 4B, the 
vibration amplitude is at the maximum between the anti-nodes of 
the A phase and the B phase. Then, in the state of Fig. 4C, the 
vibration amplitude is at the maximum at the anti-node of the B 
phase. After the state of Fig. 4D, the vibration state returns to 
that in Fig. 4A. In this manner, the standing wave component 
formed of the A phase and B phase vibrations is rotated as shown 
in Fig. 1 by performing the amplitude modulation and phase 
modulation. 

[0090] As a result, the largest displacement fluctuates in the 
traveling wave formed by combining the A phase vibrations with the 
B phase vibrations. In addition, the position at which the 
largest displacement reaches the peak is moved on the vibrating 
body 1 in a direction of relative driving of the moving body 1 to 
the moving body 6. 



19 



.CFV00160_AAFA 

[0091] Fig. 15 shows typical (conventional) movement of 

vibration displacement in a traveling wave when the vibration type 
driving apparatus is driven at a constant speed and when the A and 
B phases have the equal vibration amplitudes and the time phase 
difference of 90 degrees. In Fig. 15, dotted lines represent 
envelopes which connect the largest values of the vibration 
displacement of the traveling wave at respective positions. The 
envelopes are linear since the largest values of the vibration 
displacement are equal. In other words, the largest displacement 
of the traveling wave does not fluctuate, and no peak value is 
present. 

[0092] Fig. 16 shows movement of vibration displacement in a 
traveling wave when the vibration type driving apparatus is driven 
at a constant speed and when the vibration amplitude of the B 
phase is reduced as in the conventional low-speed driving method 
described in the section of "'DESCRIPTION OF RELATED ART" with 
reference to Fig. 46. Since the amplitude is reduced at positions 
corresponding to the B phase, envelopes connecting the largest 
displacement of the traveling wave have a generally sine wave 
shape having the maximums (peaks) at positions of the A phase and 
a pitch which is half the wavelength of the traveling wave as 
shown by dotted lines in Fig. 16. When the vibration amplitude of 
the B phase is reduced to zero, the amplitude at positions 
corresponding to the B phase is zero to leave a standing wave 
having the anti-nodes at positions of the A phase. Similarly, 
when the vibration amplitude of the A phase is reduced, the 
amplitude is reduced at positions corresponding to positions of 
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the A phase to form envelopes in a generally sine wave shape with 
the maximums (peaks) at positions of the B phase. 

[0093] In this manner, in the conventional driving method, the 
largest value of the vibration displacement of the traveling wave 
fluctuates, but the largest value reaches the peak at a fixed 
position in the traveling wave, that is, a position of the A phase 
or a position of the B phase. When the vibration amplitude of one 
phase is reduced to produce a standing wave component in this 
manner, the longitudinal amplitude is reduced at some positions 
and the transverse amplitude is reduced at other positions. Thus, 
when the moving body is brought into press contact with the 
vibrating body, an uneven friction state occurs depending on a 
contact position. The unevenness leads to variations in wear 
speed of the friction surface to reduce flatness of the friction 
surface, causing reduced performance such as increased variations 
in rotation and unusual sounds produced by the inability to 
maintain an appropriate contact state. 

[0094] In addition, since a large vibration amplitude is always 
present at the same position, variations in surface pressure 
distribution in the moving body and the vibrating body and an 
uneven plane of the contact portion of the moving body in contact 
with the vibrating body constantly cause rotation variations in 
synchronization with rotation of the moving body, which 
significantly reduces rotation accuracy. 

[0095] Similarly, when the time phase difference of the A and B 
phases is changed from 90 degrees, the amplitude is increased at 
an intermediate position between the A and B phases to degrade 
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performance . 

[0096] In contrast. Fig* 14 shows only envelopes in vibrations 
excited on the vibrating body 1 with the driving method of 
Embodiment 1 when the vibration type driving apparatus is driven 
at a constant speed. Fig. 14 shows changes in the envelopes 
connecting the largest values of the vibration amplitude at 
respective positions of the traveling wave. In the conventional 
driving method, as shown in Fig. 16, the peaks in the envelopes 
connecting the maximum values of the amplitude are at the fixed 
positions. In Embodiment 1, however, the peaks in the envelopes 
of the vibration displacement are moved at a speed determined by a 
modulation period. In other words, in Embodiment 1, the maximum 
value (the largest displacement) of the vibration displacement of 
the traveling wave fluctuates, and the position at which the 
largest displacement reaches the peak is sequentially or 
continuously moved. 

[0097] To allow the vibrating body 1 to respond to the driving 
signal subjected to the amplitude modulation and phase modulation, 
it is essential only that sidebands of the driving signal 
generated in accordance with the modulation frequency fall within 
a band in which the vibrating, body 1 can be driven. 
[0098] The standing wave component produced by the modulation 
does not have a driving force large enough to drive the moving 
body 6. A driving vibration component for driving the moving body 
6 is provided by a quadrature component included in the A and B 
phases. Thus, the driving vibration component corresponds only to 
elliptical components shown by the dotted lines in Figs. 4A to 4D, 



22 



CFV00160_AAFA 

and the driving speed is determined by the sizes of the ellipses 
shown by the dotted lines. 

[0099] According to Embodiment 1, driving at a lower speed can 
be performed while larger vibrations are produced than the driving 
vibration component. In addition, since the position at which the 
largest displacement of the traveling wave reaches the peak is 
continuously moved on the vibrating body 1 in accordance with the 
modulation period, the vibrating body 1 can be prevented from 
coming into contact the moving body 6 over the entire surface, 
thereby avoiding wear progressing in a particular portion thereof. 
[0100] In addition, in the conventional driving method, 

variations in surface pressure occur in the moving body, or 
variations in rotation and torque occur due to the relationship 
between the plane shape of the contact portion and the peak 
position of the traveling wave on the vibrating body. However, 
according to Embodiment 1, the peak position of the traveling wave 
is moved on the vibrating body to allow variations in rotation and 
torque to be averaged in the period of the amplitude and phase 
modulation to significantly reduce variations in rotation and 
torque at the modulation frequency or lower. 

[0101] In this manner, in Embodiment 1, the amplitude modulation 
and the phase modulation are independently performed on the A 
phase vibrations and B phase vibrations to include the standing 
wave component in the traveling wave which is formed by combining 
the A phase and B phase waves. In addition, the vibration shape 
on the A-B plane can be rotated to sequentially (continuously) 
move the peak position of the largest displacement of the 
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traveling wave formed on the vibrating body 1. Therefore, stable 
driving can be achieved for a long time at a large amplitude even 
under the condition of extremely low-speed driving with small 
driving vibrations. 
[0102] (Embodiment 2) 

Fig. 5 shows vibration trajectories of the vibrating body 1 
driven with a driving method (a control method) of the vibration 
type driving apparatus which is Elmbodiment 2 of the present 
invention. The driving method of Embodiment 2 is applied to the 
vibration type driving apparatus described in Embodiment 1 . In 
Embodiment 2, the peak position of the largest displacement of a 
traveling wave formed on the vibrating body 1 can be sequentially 
moved, similarly to Embodiment 1. 

[0103] Fig. 6 shows a driving signal (an input signal) of 

Embodiment 2. Fig. 7 shows driving amplitudes of Embodiment 2 on 
a time axis. 

[0104] In Embodiment 2, only amplitude modulation is performed 
on the A phase and the B phase independently. 

[0105] As shown in Fig. 6, a fundamental amplitude V is 

amplitude-modulated with a modulation amplitude ^^a" such that the 
reverse-modulation is performed on the A and B phases. The 
amplitude is equally increased in both of the A and B phases when 
viewed in a longer time period than a driving period. 

[0106] In Embodiment 2, the vibrations shown in Fig. 4A and 4C 
can be provided. Thus, the amplitude is large at positions 
corresponding to the anti-nodes of the A phase and the anti-nodes 
of the B phase, and the amplitude is small in an area between the 
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anti-nodes of the A and B phases, so that it is impossible to 
provide an uniform contact state over the entire contact portion 
of the vibrating body 1 and the moving body 6. The resulting 
uneven wear may increase rotation variations and the like, but 
such uneven wear equally occurs in both of the A phase and the B 
phase to cause no imbalance in driving. Thus, Embodiment 2 is 
effective as a simplified driving method which does not use phase 
modulation as in Embodiment 1. 
[0107] (Embodiment 3) 

Fig. 8 shows vibration trajectories of the vibrating body 1 
driven with a driving method (a control method) of the vibration 
type driving apparatus which is Embodiment 3 of the present 
invention. The driving method of Embodiment 3 is applied to the 
vibration type driving apparatus described in Embodiment 1 . In 
Embodiment 3, the peak position of the largest displacement of a 
traveling wave formed on the vibrating body 1 can be sequentially 
moved, similarly to Embodiment 1. 

[0108] Fig. 9 shows amplitude changes in both of the A phase and 

the B phase in Embodiment 3. 

[0109] In Embodiment 3, only amplitude modulation is 

independently performed on driving signals of both of the A and B 
phases similarly to Embodiment 2. However, Embodiment 3 differs 
from Embodiment 2 in that the amplitude modulation of the A and B 
phases is not performed with a single frequency. In Embodiment 3, 
the modulation may vary the feed speed to increase rotation 
variations, but Embodiment 3 is effective as a more simplified 
driving method as compared with Embodiment 2 . 
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[0110] In addition, as shown in Fig. 10, the amplitude 

modulation can be performed with stepped or rectangular waves. 
[0111] (Embodiment 4) 

Fig. 11 shows the structure of a control apparatus for the 
vibration type driving apparatus which is Embodiment 4 of the 
present invention. 

[0112] The control apparatus performs speed control of the 

vibration type driving apparatus (the vibration type driving 
apparatus shown in Fig. 12) 110, and specifically, uses speed 
information from a speed detector 117 such as an encoder provided 
for the vibration type driving apparatus 110 and a speed 
instruction value supplied from the outside (for example, a main 
control circuit of an actuated apparatus which uses the vibration 
type driving apparatus 110 as a driving source) to determine the 
frequency of a driving signal by a frequency control circuit 112 
in accordance with a difference between them. The control 
apparatus similarly determines an amplitude modulation amount, a 
phase modulation amount, and periods of amplitude modulation and 
phase modulation by an amplitude/phase modulation circuit 113 in 
accordance with the speed difference. 

[0113] As modulation param:eters, an optimal modulation amount 
(modulation width) and an optimal modulation period corresponding 
to a speed are previously stored in a memory, not shown. The 
modulation parameters corresponding to the speed detected by the 
speed detector 117 are read from the memory and determined. For 
example, setting is made on the basis of speed ranges such that no 
modulation is performed in a high speed range, while modulation is 
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performed with a larger modulation amplitude as the speed is lower 
in a low speed range. 

[0114] The phase determined by the amplitude/phase modulation 
circuit 113 is used to provide a phase difference for one of 
output signals from the frequency control circuit 112 with respect 
to the other signal. The signal provided with the phase 
difference and the other signal are used as driving waveforms of 
the A phase and the B phase, respectively. The two amplitude 
values for the A and B phases determined by the amplitude /phase 
modulation circuit 113 are set to amplitude control circuits 115 
and 116 independently provided for the A phase and the B phase. 
The respective amplitude control circuits 115 and 116 supply 
driving signals to the A phase and the B phase of the 
piezoelectric element of the vibration type driving apparatus 110 
via an amplifying circuit, not shown. 

[0115] In Embodiment 4, the amplitude and phase modulation 

amounts are determined in accordance with the driving speed of the 
vibration type driving apparatus 110. Thus, when the driving 
speed is high and the amplitude is large, the modulation amount 
can be reduced. On the other hand, the modulation can be 
increased at a very low speed at which performance of the 
vibration type driving apparatus 110 may be degraded. 
Consequently, appropriate modulation can be achieved in accordance 
with driving conditions. 

[0116] While Embodiment 4 has been described only for the speed 
control of the vibration type driving apparatus, positioning 
control of the vibration type driving apparatus can be performed 
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similarly such that speed and modulation parameters can be 
determined from a difference between the current value and a 
target value provided by a position detector provided for the 
vibration type driving apparatus 110. When driving is performed 
in a plurality of phases, the same number of the aforementioned 
modulation circuits as the driving phases may be provided. 
[0117] As the amplitude control circuits 115 and 116 described 
above, a variable gain amplifier may be used, or a pulse width 
control circuit and an amplifying circuit may be used by using a 
pulse signal as the driving signal. 
[0118] (Embodiment 5) 

The control apparatus shown in Fig. 11 requires the 
amplitude /phase modulation circuit 113 which allows simultaneous 
calculations of the amplitude modulation and phase modulation of 
vibrations, and the load on the control apparatus is not light. 
Thus, in Embodiment 5, a circuit with a more simplified structure 
is used to provide a control apparatus which achieves the effects 
similar to those in the control apparatus shown in Fig. 11. 
[0119] Fig. 17 shows the structure of a control apparatus for 
the vibration type driving apparatus which is Embodiment 5 of the 
present invention . 

[0120] The structure of the vibration type driving apparatus 110 
in Embodiment 5 is equal to that shown in Fig. 12. Fig. 19 shows 
an electrode pattern provided for the piezoelectric element 2 in 
Embodiment 5 and is a connection diagram showing connections 
between each electrode and a first and a second driving voltage 
generating circuits 122 and 123, later described. Reference 
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niomerals 131, 132, 133, and 134 show electrodes corresponding to 
A( + ), B( + ), A(-), and B(-) of the pattern electrode of the 
piezoelectric element 2 provided for the vibration type driving 
apparatus 110, and the same driving signal is supplied for every 
four electrodes. 

[0121] The control apparatus in Embodiment 5 performs speed 
control of the vibration type driving apparatus 110, and 
specifically, uses speed information from a speed detector 117 
such as an encoder provided for the vibration type driving 
apparatus 110 and a speed instruction value supplied from the 
outside (for example, a main control circuit of an actuated 
apparatus which uses the vibration type driving apparatus 110 as a 
driving source) to determine frequencies and phases of driving 
signals by a frequency /phase control circuit 121 in accordance 
with a difference between them. 

[0122] As control parameters, an optimal frequency and an 

optimal phase corresponding to a speed are previously stored in a 
memory, not shown. The control parameters corresponding to the 
speed detected by the speed detector 117 are read from the memory 
and determined. 

[0123] The frequency instructions Fl and F2 and the phase 

instructions PI and P2 determined by the frequency /phase control 
circuit 121 are input to the first driving voltage generating 
circuit 122 and the second driving voltage generating circuit 123, 
respectively. The frequency/phase control circuit 121 supplies an 
ON/OFF instruction for controlling driving (with an ON 
instruction) and stop (with an OFF instruction) of the first 
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driving voltage generating circuit 122 and the second driving 
voltage generating circuit 123 to the first driving voltage 
generating circuit 122 and the second driving voltage generating 
circuit 123^ respectively. 

[0124] The first driving voltage generating circuit 122 supplies 
driving signals Oil and 012 in accordance with the frequency 
instruction Fl and the phase instruction PI to the electrodes 131 
and 132 of the piezoelectric element 2. The second driving 
voltage generating circuit 123 supplies driving signals 021 and 
022 in accordance with the frequency instruction F2 and the phase 
instruction P2 to the electrodes 133 and 134 of the piezoelectric 
element 2 . 

[0125] Fig. 18 shows the driving waveforms of the driving 

signals Oil, 012, 021, and 022. The signal 012 has a frequency 
equal to the signal Oil and has a time phase lagging the signal 
Oil by 90 degrees. The signal 022 has a frequency equal to the 
021 and has a time phase leading the signal 021 by 90 degrees. 
The frequencies of the signals 021 and 022 are set to be higher 
than the frequencies of the signals Oil and 012 by several 
hundreds to several KHz. The shift of the time phase between the 
signals 021 and 022 is opposite in direction to the shift of the 
time phase between the signals Oil and 012, so that the traveling 
direction of a traveling vibration wave produced by the driving 
signals Oil and 012 is opposite to the traveling direction of a 
traveling vibration wave produced by the driving signals 021 and 
022. 

[0126] If the traveling vibration wave of six waves formed by 
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the driving signals Oil and 012 is rotated clockwise on the 
vibrating body 1 , a traveling wave of six waves formed by the 
driving signals 021 and 022, similarly to the traveling wave with 
Oil, 012 is rotated counterclockwise on the vibrating body 1. 
[0127] Fig. 20 shows the characteristic of the frequency of the 
driving signals and the rotation speed of the moving body 6 when 
the driving signals Oil and 012 have a time phase difference of 
90 degrees and the characteristic of the frequency of the driving 
signals and the rotation speed of the moving body 6 when the 
driving signals 021 and 022 have a time phase difference of 90 
degrees. The vertical axis represents the rotation speed of the 
moving body 6, while the horizontal axis represents the frequency 
of the driving signals Oil, 012, 021, and 022. In Embodiment 5, 
the electrodes 131, 132, 133, and 134 are disposed at equal 
intervals, and the driving signals Oil, 012, 021, and 022 have 
the amplitudes (voltages) set to be equal, so that the traveling 
vibration wave with the driving signals Oil and 012 and the 
traveling vibration wave with the driving signals 021 and 022 
have substantially the same frequency characteristics. 
[0128] The vibration type driving apparatus 110 is subjected to 
driving control in a higher frequency range than its resonance 
frequency fr as shown in Fig. 20, and has the characteristic that 
the rotation speed is higher as the frequency of the driving 
signal approaches the resonance frequency fr. When the frequency 
Fl of the driving voltages Oil and 012 is set to be lower than 
the frequency F2 of the driving signals 021 and 022, the 
amplitude of the traveling vibration wave formed on the vibrating 
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body 1 formed by the driving signals Oil and 012 is larger. Thus, 
the rotation caused by the traveling vibration wave formed by the 
driving signals Oil and 012 is larger than the rotation caused by 
the traveling vibration wave formed by the driving signals 021 and 
022, and the rotation direction of the moving body 6 is determined 
by the traveling vibration wave formed by the driving signals Oil 
and 012. 

[0129] In Embodiment 5, since the traveling vibration wave 

formed by the driving signals Oil and 012 travels clockwise, the 
rotation direction of the moving body 6 is counterclockwise which 
is the opposite direction thereto. In the vibration type driving 
apparatus, the moving body travels in a direction opposite to the 
traveling direction of the traveling vibration wave, although 
detailed description is omitted since it is known. The traveling 
vibration waves in the difference directions can be combined to 
drive the vibration type driving apparatus 110 at a lower speed 
than the conventional apparatus without changing the amplitude of 
the driving voltage. 

[0130] Since the frequency of the traveling vibration wave 

formed by the driving signals Oil ad 012 is different from the 
frequency of the traveling vibration wave formed by the driving 
signals 021 and 022, the maximum value of vibration displacement 
(the largest displacement) produced by combining the two traveling 
vibration waves fluctuates, and the position at which the largest 
displacement reaches the peak is sequentially moved. The 
traveling vibration wave refers to a vibration wave which rotates 
(travels) along the circumference of the ring-shaped vibrating 
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body in the aforementioned example, and is a generic name for 
vibrations which form elliptical vibrations (circular vibrations) 
on part of the vibrating body resulting from the combination of a 
plurality of exciting signals in different phases. The 
combination of the two traveling vibration waves refers to 
combination (addition) of elliptical vibrations with different 
frequencies . 
[0131] (Embodiment 6) 

While the two traveling vibration waves are combined in 
Embodiment 5, three or more traveling vibration waves may be 
combined for excitation at another vibrating frequency or in 
another vibration mode. In this case, it is necessary to increase 
the number of electrodes of the piezoelectric element 2 supplied 
with the driving signals and. the number of driving voltage 
generating circuits in accordance with the number of traveling 
vibration waves to be produced. In addition, while the two 
traveling vibration waves with the opposite directions are 
combined in Embodiment 5, in some driving conditions, specifically 
when driving at a higher speed is required, the vibration type 
driving apparatus 110 can be driven by sequentially shifting the 
time phases of the driving signals Oil, 0)12, <S>21, and 022 by 90 
degrees and matching the frequencies thereof to produce a single 
traveling vibration wave similarly to the conventional example. 
[0132] Fig. 21 shows the structure of a control apparatus for 
the vibration type driving apparatus using traveling waves when a 
single traveling vibration wave is produced by driving signals 
with three phases, which is Embodiment 6 of the present invention. 
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[0133] Fig. 23 shows an electrode pattern provided for the 
piezoelectric element 2 and is a connection diagram showing 
connections between each electrode and a first and a second 
driving voltage generating circuits 122 and 123, later described. 
Electrodes 141, 142, 143, 144, 145, and 146 are repeatedly formed 
clockwise on the piezoelectric element 2 and the same driving 
signal is supplied for every six electrodes. 

[0134] Frequency instructions Fl and F2 and phase instructions 
PI and P2 determined by a frequency /phase control circuit 121 are 
input to the first driving voltage generating circuit 122 and the 
second driving voltage generating circuit 123, respectively. The 
frequency /phase control circuit 121 supplies an ON/OFF instruction 
for controlling driving and stop of the first driving voltage 
generating circuit 122 and the second driving voltage generating 
circuit 123 to the first driving voltage generating circuit 122 
and the second driving voltage generating circuit 123, 
respectively . 

[0135] The first driving voltage generating circuit 122 supplies 
driving signals Oil, 012, and 013 in accordance with the 
frequency instruction Fl and the phase instruction PI to the 
electrodes 141, 142, and 143 of the piezoelectric element 2, while 
the second driving voltage generating circuit 123 supplies driving 
signals 021, 022, and 023 in accordance with the frequency 
instruction F2 and the phase instruction P2 to the electrodes 144, 
145, and 146 of the piezoelectric element 2. 

[0136] As shown in Fig. 22, the signals Oil, 012, and 013 have 
the equal frequencies, the signal 012 has a time phase lagging the 
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signal Oil by 120 degrees, and the signal 013 has a time phase 
lagging the signal 012 by 120 degrees. The signals 021, 022, and 
023 have the equal frequencies, the signal 022 has a time phase 
leading the signal 021 by 120 degrees, and the signal 023 has a 
time phase leading the signal 022 by 120 degrees. The signals 021, 
022, and 023 have the frequencies set to be higher than the 
frequencies of the signals Oil, 012, and 013 by several hundreds 
or several KHz. The driving signals Oil, 012, 013, 021, 022, and 
023 are supplied to form two traveling vibration waves of eight 
waves with different traveling directions on the vibrating body 1. 
[0137] Similarly to Embodiment 5, the rotation of the traveling 
vibration wave formed by the driving signals Oil, 012, and 013 is 
larger than the rotation of the traveling vibration wave formed by 
the driving signals 021, 022, and 023. The rotation direction of 
the moving body 6 is determined by the traveling vibration wave 
formed by the driving signals Oil, 012, and 013. 
[0138] (Embodiment 7) 

Embodiment 5 and Embodiment 6 have shown the examples in 
which the electrodes are separately provided for the respective 
ones of the driving signals required for forming the plurality of 
traveling vibration waves. In the structure, each electrode has a 
smaller area as the number of the driving signals is increased, 
and a higher voltage needs to be supplied to each electrode to 
increase the amplitude of the traveling vibration wave. 
[0139] To address this, a conceivable method is to supply a 
plurality of driving signals to a common electrode. For example, 
a differential amplifier or the like is used to generate a driving 
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voltage having two or more frequency instructions and phase 
instructions for supply to a common electrode. 

[0140] Fig. 24 shows the structure of a control apparatus for 
the vibration type driving apparatus which is Embodiment 7 of the 
present invention for realizing the aforementioned structure. 
[0141] Electrodes 151 and 152 are repeatedly formed on the 

piezoelectric element 2 along its circumferential direction, and 
the same driving signal is supplied for every other electrode. 
[0142] Frequency instructions Fl and F2 and phase instructions 
Pi and P2 determined by a frequency /phase control circuit 121 are 
input to a first driving voltage generating circuit 122 and a 
second driving voltage generating circuit 123, respectively. The 
frequency /phase control circuit 121 supplies an ON/OFF instruction 
for controlling driving and stop of the first driving voltage 
generating circuit 122 and the second driving voltage generating 
circuit 123 to the first driving voltage generating circuit 122 
and the second driving voltage generating circuit 123, 
respectively . 

[0143] The first driving voltage generating circuit 122 is 

connected to one ends on the primary sides of a transformer 161 
and a transformer 162, while the second driving voltage generating 
circuit 123 is connected to other ends on the primary sides of the 
transformer 161 and the transformer 162. 

[0144] The first driving voltage generating circuit 122 supplies 
driving signals Oil and 012 in accordance with the frequency 
instruction Fl and the phase instruction PI to the one ends on the 
primary sides of the transformers 161 and 162, while the second 
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driving voltage generating circuit 123 supplies driving signals 

02 1 and 022 in accordance with the frequency instruction F2 and 
the phase instruction P2 to the other ends on the primary sides of 
the transformers 161 and 162. 

[0145] The transformers 161 and 162 constitute a differential 
amplifier. The diving signals with difference frequencies and 
phases are input to the two terminals on each primary side of the 
transformer 161 and the transformer 162 to output a vibration wave 
formed by adding and amplifying the signals on each secondary side. 
The inductance on each secondary side of the transformers 161, 162 
is adjusted such that the parallel resonance frequency calculated 
from the inductance and the capacitance in the piezoelectric 
elements corresponding to the electrodes 151 and 152 is at a value 
for allowing predetermined performance in a using driving 
frequency range. 

[0146] Fig. 25 shows the driving waveforms of the driving 

signals Oil, 012, 021, and 022, an output voltage VI on the 
secondary side of the transformer 161, and an output voltage V2 on 

the secondary side of the transformer 162. 

[0147] The driving signals Oil, 012, 021, and 022 are pulse 
signals, the signal 012 has a frequency equal to the signal Oil 
and a time phase lagging the signal Oil by 90 degrees. The signal 

022 has a frequency equal to the signal 021 and a time phase 
leading the signal 021 by 90 degrees. The signals 021 and 022 
have the frequencies set to be higher than the frequencies of the 
signals Oil and 012 by several hundreds to several KHz. 

[0148] When these signals are input to the primary sides of the 
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transformers 161 and 162, the voltages VI and V2 subjected to 
amplitude modulation are output on the secondary sides of the 
transformers 161 and 162. The output voltages VI and V2 of the 
transformers 161 and 162 are supplied to the electrodes 151 and 
152, respectively, to produce a traveling vibration wave on the 
surface of a vibrating body 1 such that the maximum value (the 
largest displacement) of vibration displacement of the vibration 
wave fluctuates and the position at which the largest displacement 
reaches the peak is sequentially moved, similarly to Embodiment 5. 
In this manner, the differential amplifier or the like is used to 
generate a driving voltage having two or more frequency 
instructions and phase instructions for supply to a common 
electrode, thereby allowing low-speed driving of the vibration 
wave driving apparatus 110 at a lower voltage than in the 
structure in Embodiment 5 or Embodiment 6. 

[0149] Fig. 26 shows a variation of the control apparatus in Fig. 
24. The control apparatus uses inductor elements 171, 172, 173, 
and 174 instead of the transformers 161 and 162. The inductor 
elements 171, 172, 173, and 174 are set such that a predetermined 
value of the parallel resonance frequency calculated from their 
inductance and the capacitance of piezoelectric elements 
corresponding to the electrodes 151 and 152 is obtained. The 
inductor values of the inductor elements 171 and 172 connected to 
the driving signals Oil and <D12 may be different from the 
inductor values of the inductor elements 173 and 174 connected to 
the driving signals <D21 and 022. 

[0150] In Embodiment 7, when the frequency /phase control circuit 
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121 outputs an OFF instruction^ it is necessary to make one or 
both of outputs from the first driving voltage generating circuit 

122 and the second driving voltage generating circuit 123 in a 
floating state or to make both of them at the same potential. 
[0151] Fig. 27 shows the structure of a . variation of the control 
apparatus shown in Fig. 26 in which driving signals at different 
frequencies are supplied to electrodes formed on both surfaces of 
the piezoelectric element 2. Inductor elements 171 and 173 are 
connected to the electrodes 151a and 151b formed on both surfaces 
of one piezoelectric element, respectively, and inductor elements 
172 and 174 are connected to the electrodes 152a and 152b formed 
on both surfaces of the other piezoelectric element, respectively. 
A control method of the vibration type driving apparatus 110 is 
the same as in the control apparatus shown in Fig. 26. When the 
vibration type driving apparatus 110 is to be stopped quickly, it 
needs to be stopped at an output voltage at the time when a 
frequency/phase control circuit 121 supplies an OFF instruction in 
order to quickly suppress the vibrations of the vibrating body 1. 
[0152] (Embodiment 8) 

Next, description is made for a specific control method 
performed by the frequency/phase control circuit 121 with 
reference to a flow chart by using the control apparatus shown in 
Fig. 24 as an example. 

[0153] Two traveling vibration waves traveling in opposite 

directions simultaneously formed on the vibrating body 1 may 
reduce the driving efficiency as compared with the case where only 
one of the traveling vibration waves is formed on the vibrating 
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body 1. However, when a single traveling vibration wave is used 
to realize low-speed driving as in the conventional example, as 
shown in Fig. 45B, the small vibration amplitude of the vibrating 
body 1 increases the contact area of the moving body 6 and the 
vibrating body 1 to increase the load on the vibrating body 1 due 
to sliding friction between the vibrating body 1 and the moving 
body 6, reducing the efficiency similarly. 

[0154] It is thus contemplated that two traveling vibration 

waves are caused to travel in opposite directions when the 
vibration type driving apparatus 110 is driven at a low speed, 
while the two traveling vibration waves are combined into one when 
it is driven at a high speed. It is necessary to provide a 
certain means for combining the two traveling waves into one by 
using an actual speed, an instruction speed, a vibration amplitude 
of the vibrating body, a frequency of a driving signal or the like 
as a parameter, and setting a predetermined value of the parameter 
as a threshold above or below which or near which the two 
traveling waves are combined into one. For example, a possible 
approach is to switch the output from one of the driving voltage 
generating circuits to the same waveform as the output from the 
other when the threshold is crossed. 

[0155] Fig. 28 shows a flow chart of the control apparatus for 
the vibration type driving apparatus which is Embodiment 8 of the 
present invention . 

[0156] After start of driving of the vibration type driving 
apparatus 110, an ON instruction is output to drive the first 
driving voltage generating circuit 122 and the second driving 
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voltage generating circuit 123, and a phase instruction PI and a 
phase instruction P2 are set to 90 degrees and -90 degrees, 
respectively, at step SlOl. The phase instruction PI sets the 
time phase shift of the signal 012 with respect to the signal Oil, 
and the phase instruction P2 sets the time phase shift of the 
signal <I>22 with respect to the signal 021. In this case, the 
driving signal 012 lags the signal Oil by 90 degrees in the time 
phase, while the driving signal 022 leads the signal 021 by 90 
degrees . 

[0157] Next, at step S102, a speed instruction value Vs supplied 
from the outside is read, and the current speed information Vr of 
the moving body 6 is detected. 

[0158] Then, it is determined whether or not the speed 

instruction value Vs is equal to zero at step S103. If it is not 
equal to zero, the flow proceeds to step S104, or to step Sill if 
it is equal to zero. 

[0159] At step S104, the speed instruction value Vs is compared 
with a predetermined speed VO. If the speed instruction value Vs 
is equal to or lower than the predetermined speed VO, the flow 
proceeds to step S105. If the speed instruction value Vs is 
higher than the predetermined speed VO, the flow proceeds to step 
S106. 

[0160] At step S105, an ON instruction is output to drive the 
second driving voltage generating circuit 123, and then the flow 
proceeds to step S107- At step 105, since the speed instruction 
value Vs is equal to or lower than the predetermined speed VO, the 
first driving voltage generating circuit 122 and the second 
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driving voltage generating circuit 123 are driven to produce two 
traveling vibration waves traveling in difference directions to 
perform low- speed driving. If the second driving voltage 
generating circuit 123 has already been driven^, step S107 is 
skipped. 

[0161] At step S106, an OFF instruction is output to short- 
circuit the outputs from the second driving voltage generating 
circuit 123 to the ground, and then the flow proceeds to step S107. 
The short circuit of the outputs from the second driving voltage 
generating circuit 123 to the ground causes voltages formed only 
with the output voltages from the first driving voltage generating 
circuit 122 to be supplied to electrodes 151 and 152. At step 
S106, since the speed instruction value Vs is larger than the 
predetermined speed VO, only the first driving voltage generating 
circuit 122 is driven to produce a single traveling vibration wave 
to perform high-speed driving. If the outputs from the second 
driving voltage generating circuit 123 have already been short- 
circuited to the ground, step S106 is skipped. 

[0162] At step S107, the speed instruction value Vs is compared 
with the current speed information Vr. If Vs is larger than Vr, 
the flow proceeds to step S108. If Vs is equal to or lower than 
Vr, the flow proceeds to step S109. 

[0163] At step S108, the frequency instructions Fl and F2 are 
reduced by a predetermined frequency Fd to increase the moving 
speed of the moving body 6, and then the flow proceeds to step 
S102. 

[0164] At step S109, if the speed instruction value Vs is equal 
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to the speed information Vr, the frequency instructions Fl and F2 
are maintained, and then the flow proceeds to step S102. If they 
are not equal, the flow proceeds to step SllO. 

[0165] At step SllO, the frequency instructions Fl and F2 are 
increased by the predetermined frequency Fd to reduce the moving 
speed of the moving body 6, and then the flow proceeds to step 
S102. 

[0166] Step S102 to step S108, or to step S109, or to step SllO 
are repeatedly performed until the speed instruction value Vs 
becomes equal to zero. When the speed instruction value Vs 
becomes equal to zero, the flow proceeds to step Sill from step 
S103. 

[0167] At step Sill, an OFF instruction is output to the first 
driving voltage generating circuit 122 and the second driving 
voltage generating circuit 123, and the setting of the frequency 
instructions Fl and F2 and the phase instructions PI and P2 is 
canceled. 

[0168] While the second driving voltage generating circuit 123 
is switched between ON and OFF in accordance with the value of the 
speed instruction value Vs from step S104 to step S106 in 
Embodiment 8, the second driving voltage generating circuit 123 
may be switched between ON and OFF in accordance with the value of 
the current speed information Vr instead of the speed instruction 
value Vs. Alternatively, the second driving voltage generating 
circuit 123 may be switched between ON and OFF in accordance with 
the values of the frequency instructions Fl and F2 set in 
accordance with the comparison result of the speed instruction 
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value Vs and the current speed information Vr. 
[0169] (Embodiment 9) 

In . Embodiment 8^ the outputs from the second driving voltage 
generating circuit 123 are short-circuited to the ground in order 
to make the amplitude of one of the two traveling vibration waves 
zero. In some cases, however, it is preferable that the driving 
signals Oil and <D21 are set in the same phase and the driving 
signals 012 and 022 are set in the same phase without changing 
the relationship between the driving signals Oil and 012 to 
combine two traveling vibration waves traveling in the same 
direction, or that the driving signals Oil and 021 are set in 
opposite phase and the driving signals 012 and 022 are set in 
opposite phase without changing the relationship between the 
driving signals Oil and 012 to produce a single traveling 
vibration wave. 

[0170] When the outputs from the second driving voltage 

generating circuit 123 are short-circuited to the ground in order 
to make the amplitude of one of the two traveling vibration waves 
zero, the amplitude of the traveling vibration wave which tends to 
drive the moving body 6 in the opposite direction is suddenly 
changed, so that a shock may be given to the moving body 6. It is 
thus necessary to perform control for gradually reducing the 
outputs from the second driving voltage generating circuit 123. A 
simple method thereof is to gradually reduce the amplitudes of the 
output voltages of the second driving voltage generating circuit 
123 before short-circuit to the ground. Alternatively, a setting 
means, not shown, is used to set small signal amplitudes of the 
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output voltages from the second driving voltage generating circuit 
123 in a higher speed range than a predetermined speed . by using 
the amplitudes as a function of the output from the speed detector 
117, the speed instruction value^ the frequency of the driving 
signal or the like. 

[0171] Fig. 29A shows the relationship between a speed 

instruction and the amplitude of an output voltage, and Fig. 29B 
shows the relationship between a frequency instruction and the 
amplitude of the output voltage. Fig. 29A shows an example in 
which the amplitude PW of the output voltage of the second driving 
voltage generating circuit 123 changes with the speed instruction. 
Fig. 29B shows the relationship between the amplitude PW of the 
output voltages of the second driving voltage generating circuit 
123 and the frequency instruction F2 of the driving signal. 
[0172] Fig. 30 shows the relationship between the frequency 

instruction and a phase instruction. In Fig. 30, when the value 
of the frequency instruction Fl determined by the frequency/phase 
control circuit 121 is equal to or higher than fO at which the 
moving body 6 is driven at a predetermined speed VO or lower, the 
phase instruction P2 is set to -90 degrees. When the value of the 
frequency instruction Fl determined by the frequency/phase control 
circuit 121 is equal to or lower than fl at which the moving body 
6 is driven at a predetermined speed VI or higher, the phase 
instruction P2 is set to 90 degrees. During the change of the 
value of the frequency instruction Fl from fO to fl, the phase 
instruction P2 is changed from -90 degrees to 90 degrees in 
accordance with the change of the frequency instruction. Fig. 31 
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shows a flow chart of control of the vibration type driving 
apparatus by using the characteristics shown in Fig. 30. 
[0173] After start of driving of the vibration type driving 
apparatus 110, an ON instruction is output to drive the first 
driving voltage generating circuit 122 and the second driving 
voltage generating circuit 123, and a phase instruction PI and a 
phase instruction P2 are set to 90 degrees and -90 degrees, 
respectively, at step S201. The phase instruction PI sets the 
time phase shift of the signal 012 with respect to the signal Oil, 
and the phase instruction P2 sets the time phase shift of the 
signal 022 with respect to the signal 021. In this case, the 
driving signal 012 lags the signal Oil by 90 degrees in the time 
phase, while the driving signal 022 leads the signal 021 by 90 
degrees. Frequency instructions Fl and F2 are set to separate 
initial frequencies previously stored in a memory or the like. 
[0174] Next, at step S202, a speed instruction value Vs supplied 
from the outside is read, and the current speed information Vr of 
the moving body 6 is detected. 

[0175] Then, it is determined whether or not the speed 

instruction value Vs is equal to zero at step S203. If it is not 
equal to zero, the flow proceeds to step S204, or to step S209 if 
it is equal to zero. 

[0176] At step S204, the speed instruction value Vs is compared 
with the current speed information Vr. If Vs is larger than Vr, 
the flow proceeds to step S205. If Vs is equal to or lower than 
Vr, the flow proceeds to step S206. 

[0177] At step S205, the frequency instructions Fl and F2 are 
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reduced by a predetermined frequency Fd to increase the moving 
speed of the moving body 6 before the flow proceeds to step S208. 
[0178] At step S206, if the speed instruction value . Vs is equal 
to the current speed information Vr, the frequency instructions Fl 
and F2 are maintained, and then the flow proceeds to step S208. 
If they are not equal, the flow proceeds to step S207. 
[0179] At step S207, the frequency instructions Fl and F2 are 
increased by the predetermined frequency Fd to reduce the moving 
speed of the moving body 6, and then the flow proceeds to step 
S208. 

[0180] At step S208, the phase instruction P2 corresponding to 
the frequency instruction Fl is calculated by using a function G, 
and the frequency instructions Fl, F2 and the phase instructions 
PI, and P2 are output, and then the flow proceeds to step S202. 
The function G includes values shown in Fig. 30 and may be 
realized by an expression or a data table. 

[0181] Step S202 to step S208 are repeated until the speed 
instruction value Vs becomes equal to zero. When the speed 
instruction value Vs becomes equal to zero, the flow proceeds to 
step S209 from step S203. 

[0182] At step S209, an OFF instruction is output to the first 
driving voltage generating circuit 122 and the second driving 
voltage generating circuit 123, and the setting of the frequency 
instructions Fl and F2 and the phase instructions PI and P2 is 
canceled. 

[0183] According to the control method, when the speed 

instruction is higher than the predetermined speed, the phase 
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difference between the output signals of the first driving voltage 
generating circuit 122 and the second driving voltage generating 
circuit 123 is in the same direction to suppress a reduction in 
efficiency. When the speed instruction is lower than the 
predetermined speedy the phase difference between the output 
signals of the first driving voltage generating circuit 122 and 
the phase difference of the output signals of the second driving 
voltage generating circuit 123 are in the opposite directions to 
allow stable driving even at a low speed. While the differential 
amplifier circuit or the like is used to add the driving waveforms 
in Embodiment 9, it is also possible that waveform data is 
digitally added and converted by a D/A converting circuit into 
analog voltage which is amplified and then supplied to the 
piezoelectric element. In addition, a known class D amplifier may 
be used as the amplifying circuit. However, it is contemplated 
that the class D amplifier has a switching period which is at 
least approximately one-tenth of the period of the highest 
frequency of the plurality of traveling vibration waves. 
[0184] (Embodiment 10) 

Fig, 32 shows a control apparatus for the vibration type 
driving apparatus which is Embodiment 10 of the present invention. 
[0185] The structure of the vibration type driving apparatus in 
Embodiment 10 is the same as that shown in Fig. 12. The 
piezoelectric element 2 provided for the vibration type driving 
apparatus 110 has an electrode pattern formed thereon which 
includes electrodes disposed in the order of A(+), B(+), A(-), and 
B(-) in the circumferential direction. A driving voltage 
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generating circuit 2005 supplies driving signals to these 
electrodes in accordance with a frequency instruction Fl and a 
phase instruction PI from the frequency/phase control circuit 2008. 
[0185] Fig. 33 shows waveforms of driving signals of the A phase 
and the B phase in Embodiment 10. In Fig. 33, solid lines 
represent the waveform of the driving signal of the A phase, while 
dotted lines represent the waveform of the driving signal of the B 
phase. In the waveforms, a state 1 and a state 2 are repeated 
alternately. The state 1 continues for a time period tl in which 
the time phase of the A phase driving signal leads the B phase 
driving signal by 90 degrees and the frequencies of both of them 
are set to fl. The state 2 continues for a time period t2 in 
which the time phase of the A phase driving signal lags the B 
phase driving signal by 90 degrees and the frequencies of both of 
them are set to f2. The frequencies fl and f2 are higher than the 
resonance frequency fr of the vibrating body and f2 is equal to or 
larger than fl. 

[0187] The state 1 and state 2 are repeated continually, and the 
continually output driving signals in the state 1 have the same 
phase, and this applies to the state 2. In the state 1, the 
driving signal at the frequency fl producing a traveling vibration 
wave for rotating the moving body 6 countercloclcwise is supplied 
to the piezoelectric element 2, while in the state 2, the driving 
signal at the frequency f2 producing a traveling vibration wave 
for rotating the moving body 6 cloclcwise is supplied to the 
piezoelectric element 2. 

[0188] Fig. 34A shows the waveforms of the driving signals only 
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in the state 1, while Fig. 34B shows vibration displacement of the 
vibrating body caused thereby. The duration tl of the state 1 and 
the duration t2 of the state 2 are set to values such that an 
attenuated vibration of the vibration wave produced by excitation 
in one of the time periods does not disappear in the other. With 
the setting, as shown in Fig. 34B, the vibration is forced at the 
frequency fl during the time period tl, and the forced vibration 
produced in the time period tl is attenuated at the resonance 
frequency fr in the time period t2, and the vibration is forced at 
the frequency fl before the attenuated vibration disappears. 
[0189] Fig. 35A shows the waveforms of the driving signals only 
in the state 2, while Fig. 35B shows vibration displacement of the 
vibrating body caused thereby. Similarly to the state 1, as shown 
in Fig. 35B, the vibration is forced at the frequency f2 during 
the time period t2, and the forced vibration produced in the time 
period t2 is attenuated at the resonance frequency fr in the time 
period tl, and the attenuated vibration is forced at the frequency 
f2 before the attenuated vibration disappears. 

[0190] Figs. 36 and 37 show response amplitudes of the vibrating 
body when the driving signals are switched to the state 1 and the 
state 2 alternately. In Figs. 36 and 37, blaclc circles represent 
the response amplitudes in the state 1 and the state 2. 
[0191] Fig. 36 shows the response amplitude of the vibrating 
body in the time period tl (the state 1) which is provided by 
superposing the forced vibration with the driving signals of the A 
phase and the B phase at the frequency fl on the attenuated 
vibration at the frequency fr which has been attenuated from the 
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forced vibration with the driving signals of the A phase and the B 
phase at the frequency f 2 . 

[0192] Fig. 37 shows the response amplitude of the vibrating 
body in the time period t2 (the state 2) which is provided by 
superposing the forced vibration with the driving signals of the A 
phase and the B phase at the frequency f2 on the attenuated 
vibration at the frequency fr which has been attenuated from the 
forced vibration with the driving signals of the A phase and the B 
phase at the frequency fl. 

[0193] In Embodiment 10, the respective frequencies are set to 
the relationship of fr<fl<f2 for the resonance frequency fr of the 
vibrating body. Thus, as shown in Figs. 36 and 37, the response 
amplitude of the forced vibration at the frequency fl is larger 
than the response amplitude of the attenuated vibration after the 
forced vibration at the frequency f2 in the state 1, while the 
response amplitude of the attenuated vibration after the forced 
vibration at the frequency fl is larger than the response 
amplitude of the forced vibration at the frequency f2 in the state 
2. Consequently, the moving body 6 is rotated counterclockwise in 
both of the state 1 and the state 2. 

[0194] Fig. 38 shows vibration displacement of the vibrating 
body when the state 1 and the state 2 are repeated alternately. 
The response amplitudes produced by applying the A phase driving 
signal and the B phase driving signal are modulated waveforms 
provided by performing amplitude modulation and phase modulation 
in the periods of l/(f2-fr) and l/(fl~fr) as shown in Fig. 38. 
[0195] Fig. 39 shows vibration trajectories of the vibration 
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waves provided as the modulation waves shown in Fig. 38. The 
vibration displacement of the A phase and the vibration 
displacement of the B phase are shown on the horizontal axis and 
the vertical axis^ respectively, on an A-B plane. According to 
Embodiment 10, the vibration trajectories similar to those in Fig, 
1 can be obtained, 
[0196] (Embodiment 11) 

Fig. 40 shows the relationship between frequencies of 
driving signals and a response amplitude of the vibrating body in 
a control apparatus for the vibration type driving apparatus which 
is Embodiment 11 of the present invention. 

[0197] In Embodiment 11, the frequencies of the driving signals 
are increased or reduced to change the driving speed of the moving 
body while a difference Af is maintained between the frequencies 
of the driving signals in the state 1 and the state 2 alternately 
excited. 

[0198] In Fig, 40, fl, f2 and f 1' , f2' represent the frequencies 
of the driving signals in a low-speed driving range and a high- 
speed driving range, respectively. As the frequency is higher 
than the resonance frequency, the response amplitude of the 
vibrating body is smaller, and the difference between the response 
amplitude of the vibrating body in the state 1 and the response 
amplitude of the vibrating body in the state 2 is smaller. 
[0199] As the difference between the response amplitude levels 
of two combined vibrations is smaller, the amplitude of the minor 
axis of an elliptical trajectory formed by the response amplitude 
of the driving signals of the A phase and the B phase is smaller. 
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It is thus possible to reduce the driving speed at the contact 
surface without significantly reducing the amplitude at the 
contact portion. The driving method of Embodiment 11 is effective 
in low-speed driving in which the vibrating body is in contact 
with the moving body over the entire surface. It is preferable to 
use a single traveling vibration wave for driving at a normal 
driving speed and make switching to the driving shown in 
Embodiment 11 at low-speed driving. 
[0200] (Embodiment 12) 

Fig. 41 shows the relationship between frequencies of 
driving signals and a response amplitude of the vibrating body in 
a control apparatus for the vibration type driving apparatus which 
is Embodiment 12 of the present invention. 

[0201] In Embodiment 12, a frequency fl of the driving signals 
of the A phase and the B phase in a state 1 is fixed, while a 
frequency f2 of the driving signals of the A phase and the B phase 
in a state 2 is variable to change the driving speed. 
[0202] A frequency f2' lower than f2 is set for the driving 
signals of the A phase and the B phase in the state 2 to increase 
the response amplitude of the forced vibration and the attenuated 
vibration in the state 2, thereby allowing the feed speed of the 
moving body 6 to be reduced. It is also possible that f2 can be 
matched with fl to provide a linear trajectory on an A-B plane and 
reduce the feed speed to zero, or that f2 can be set to a value 
smaller than fl to perform reverse operation. 
[0203] (Embodiment 13) 

Fig. 42 shows waveforms of driving signals of the A phase 
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and the B phase in Embodiment 13. 

[0204] In Embodiment 13, a frequency/time control circuit is 
provided instead of the frequency /phase control circuit to change 
the ratio between a duration tl of a state 1 and a duration t2 of 
a state 2, which can provide a variable speed. 

[0205] The duration tl of the state 1 can be set to be longer 
than the duration t2 of the state 2 to sufficiently increase 
vibration energy of the forced vibration at a frequency fl. In 
addition, since the time period t2 is relatively shorter than the 
time period tl, the attenuated vibration in the state 2 after the 
forced vibration at the frequency fl is switched to the next 
forced vibration before the attenuating amount does not become 
large. As a result, the forced vibration amplitude in the state 1 
and the attenuated vibration amplitude in the state 1 can be 
larger to increase the minor axis of an elliptical trajectory 
formed on the contact surface of the vibrating body in contact 
with the moving body to provide a higher driving speed. 
[0206] In this manner, the duration tl of the state 1 and the 
duration t2 of the state 2 can be changed in accordance with the 
driving speed of the vibration type driving apparatus 110 to 
change the driving speed. Low-speed driving can be continuously 
changed to driving with a single traveling vibration wave by 
gradually reducing the time period t2 to zero. Therefore^ the 
speed can be changed in a wide range from a low speed at which the 
vibrating body is in contact with the moving body over the entire 
surface to a normal speed at which the vibrating body is partially 
in contact with the moving body. In addition, reverse operation 
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can be achieved by setting the time period t2 larger than the time 
period tl and setting the frequency f2 larger than the frequency 
fl- 

[0207] (Embodiment 14) . 

Fig. 43A shows output waveforms of a monitor circuit in 
Embodiment 14, while Fig, 43B shows driving signal waveforms in 
Embodiment 1 4 . 

[0208] Since the vibrating body and the moving body are in free 
vibration in a time period t2 in which the attenuated vibration is 
generated after the forced vibration in a state 1 is stopped, the 
phases in the time period 2 are different from those in the next 
state 1 . With respect to the response phases of the forced 
vibration in the state 1, the phases of the attenuated vibration 
and the vibration in the next state 1 are out of phase, so that 
efficient excitation is not achieved. To address this, in 
Embodiment 14, a monitor circuit is provided for monitoring 
vibration displacement or distortion of the vibrating body to 
change an excitation phase for exciting the attenuated vibration 
in a predetermined phase at the time of start of providing the 
driving signals. Sa and Sb in Fig. 43 show signals provided by 
the monitor circuit. By matching the phases of the driving 
signals such that the phases of vibration displacement at the time 
of the forced vibration or predetermined phases are obtained when 
the next state 1 is started. This efficiently exerts an 
excitation force when the forced vibration is started. 

[0209] It should be noted that the structures of the control 
apparatuses described in the plurality of embodiments described 
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above are only illustrative, and any structure may be used as long 
as the driving signals are controlled such that the peak of the 
largest displacement of the traveling wave formed on the vibrating 

body 1 is sequentially moved. 

[0210] While the plurality of embodiments described above have 
been described for the case where the driving signals are 
controlled through hardware, similar control can be performed 
through a computer program. The present invention is applicable 
to a storage medium which has the program stored therein and is 
readable by an information processing apparatus. 

[0211] In addition, while the respective embodiments have been 
described for the control of the ring shape vibration type driving 
apparatus, the present invention is applicable to any of vibration 
type driving apparatuses of a type in which a plurality of 
vibrations with the same shape (or of the same kind) and with 
different time phases are excited on a vibrating body and the 
vibrations are combined to excite traveling vibrations. 
[0212] While preferred embodiments have been described, it is to 
be understood that modification and variation of the present 
invention may be made without departing from scope of the 
following claims. 
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